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Introduction

In event-related MEG studies, the standard techniquaes®reduction involves av-
eraging over stimulus-locked responses. However tisraiges higher frequency
components in the data that are not phase locked to theustiniol overcome this
problem, we combine time-frequency analysis of inadapdahlb with minimum norm
Imaging to produce dynamic cortical images in multipleeffr@gbands. To detect
statistically signi cant di erences between two comdifisuch as post-stimulus vs.
baseline, we use a permutation test. By learning the mblutien of maximum
signal power in each band across the cortex, we can themraetethreshold that
controls the familywise error rate, i.e. the probabilighefor more false positive
detections across the entire cortex. Applying this testctofeequency band pro-
duces a set of cortical images showing signi cant esgetdrattivity in each band
of interest. We demonstrate this method in applicatiomgodansity MEG studies
of visual attention.

Model

MEG data are collected as a set of J stimulus-locked datad-spochs. Each
epoch consists of an array of ddta(Nchannels  Niimepointy Fepresenting the mea-
sured magnetic eld at each sensor as a function of time. ddsimments!
are linearly related with the brain activaWo(Msources  Ntimepointy aS:

M=GY + N (1)
A cortical map can be computed for each epoch by applyingnarmimikhonov-

regularized inverse method, to produce an estimate omiher&t activity at each
surface element in the cortex:

Y = HM
H=(GTG+ | ) G (2)
= diagHC,H'g ¥
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Figure 1: MEG model; (a) Sensor arrangement, (b) Topography of seasuremendd i;; , (C)
Min-norm Inverse solutiofy on a tessellated cortical surface

Wavelet Transform

For each epoghand each sourcewve obtain an estimate of the time-varying fre-

quency components by expanding the timesgriasing complex Morlet wavelets
as basis functions:

wy = ( b) 052 ft g t=b i: spatial index
t: temporal index
|: epoch index
f: frequency index

(3)

Cittj = Yij W

Figure 2: Time-varying frequency components of a source on the liwbetawe notice desyn-
chronization in the band 250-600ms after stimulus. The Morlet wavelet is agBausglowed
complex sinusoid with the real part shown in blue, and th@anyapart in red.

Test Statistics

To compare two conditions on an experiment setting, suabstastiphulus vs.
baseline, we need a robust test statistic

We choose the energy of a source at various time-frequaagSilbaf (t;f );t 2
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Using the notatiok™ for a post-stimulus time period [t§ t%], andk for a
pre-stimulus periad? [ tX  tK], we de ne the statistic:

I
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Statistical Signi cance

Using permutation between pre- and post-stimulus bands) creaté/l permu-
tation samples,, .

We summarize the information in space and bands using thnreimastatistic:

(5)

P = m.ElX Tix (6)

Then we can use the empirical distributioff ofo de ne a level threshold:

F.(1 ). A bandk has statistically signi cant energy at sourifel, exceeds
i

this threshold.

Experiment

Figure 3: Each trial presents a central arrow cue that directs atietatithe lower left or right
visual eld, in anticipation of a second stimulus (S2Yyeted 1 sec later on the left or right. The
locations of the upcoming S2 are continuously marked Ipatnags, to guide allocation of cover
visual spatial attention. If the S2 (a B/W grating) occutherued (attended) side, then subject
respond If it has the target orientation.

Results
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Figure 4. (a) We tested 12 post-stimulus time-frequency bandstdlgainbaseline counterparts.
All bands were 200-500ms or 700-1000ms after the preseoitéie cue, in frequency regions:
(4-7Hz), low (8-10Hz), high (11-14Hz), low (14-19Hz), high (20-30Hz), and (30-50Hz);
(b) Empirical distribution & for the right cue. Th&%threshold to control the familywise erro
rate over all bands and cortical sources is 72.
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The brain regions and their timing of activity t well witbsd expected from
monkey recordings and functional imaging studies.

Upper Beta (panel a) shows decreased power in what is edrisitbe a network
for deploying attention: dorsolateral prefrontal, anfparietal, lateral and ventral
temporal areas. Note the larger decrease contralatdnal doeéction of attention
(l.e. right hemi., for cue-left eld).

Theta (panel b) Is increased Iin parietal and occipitalcdaraag the early deploy-
ment stage (200-500ms), then moves to more ventral régiiessnduring the
sustained stage (700-1000ms).

Gamma (panel c) increases in areas similar to Theta. Tédke hrain regions
considered to maintain the representations of the imgeéadjat stimulus.




